Using gigapixel images in a web-based e-learning environment provides advantages in different learning settings in medical education when image-guided topics are concerned. In addition to conventional teaching at the microscope, with digital microscopic specimens students can learn independently of time and place. Moreover, within the e-learning environment, images can be supplemented with additional learning material. Our approach was to integrate a gigapixel viewer into a content management system, the "Medical Schoolbook", used at Hannover Medical School for a number of different subjects e.g. cell biology. In the Medical Schoolbook gigapixel images are automatically converted in a particular format and displayed in a viewer.
Introduction
In medical education, the analysis of microscopic specimens plays an important role in several subjects. Paulsen et al. [1] pointed out that in 1846 the anatomist Jacob Henle started the first microscopy course in medical education.
Since then, working with a microscope is a standard requirement for medical skills. At Hannover Medical School, medical students have to pass a cell biology course which is largely based on microscopic techniques. Successful microscopic observations are mostly a question of practice.
To give students the possibility to work with microscopic specimens independent of time and place, we developed an e-learning application for cell biology in 2008 with the content management system Medical Schoolbook [2] .
So far, in the "Medical Schoolbook Cell Biology" among other resources we have used digital still images of microscopic specimens to provide important sections of the microscopic slides students have to study in the cell biology course. Supplied with additional teaching material and annotations the principles of cellular structures are explained. Students have evaluated the "Medical Schoolbook Cell Biology" as supporting and helpful for learning the basics of cell biology. However, the use of still digital images does not take advantage of the interactive potential provided by the Medical Schoolbook. Therefore, our approach was to insert a virtual microscope into the Medical Schoolbook and thus provide high-resolution images of total microscopic specimens giving students the opportunity to interactively analyse the specimens.
Methods
To use gigapixel images in a web-based environment various problems need to be solved: Major obstacles concern capturing, processing, transfer and displaying of huge amounts of image data.
In our approach digital images of whole microscopic slides were acquired with a 40x UPLSAPO objective lens. The light microscope used was an Olympus BX61VS attached to the CCD camera VC 50 (kindly provided by Olympus Soft Imaging Solutions, Münster, Germany). The resulting images were transferred into the database of the Medical Schoolbook system.
Main memory of current computers is often to small to store gigapixel images. For example, if one pixel of a given 4.3 gigapixel image needs 4 bytes in main memory (8 bits for each RGB colour with 32 bit data alignment), then 17 200 000 000 bytes, thus about 16 gigabytes, are needed for the whole image. The Jet Propulsion Laboratory of the California Institute of Technology solved this problem by developing a scalable image processing framework for gigapixels [3] . Hereby tiles with usually 256 x 256 pixels were used for image processing.
To transfer gigapixel images to the browser, the Medical Schoolbook splits them into tiles of a size of 256 x 256 pixels for every possible magnification and stores them in a cache. This is done by means of an open source Python program [4] . However, the process of creating the tiles is time-consuming. In our case, it takes the server (Apple Xserve, 8 processor cores, 32 GB RAM) approximately 1 hour for a 1 gigapixel image. To achieve a higher performance in this stage we currently are developing a program in C.
The web-based presentation of the images is realized with the Zoomify player [5] which was inserted in the Medical Schoolbook and is now running as an integrated component of this e-learning environment. The Zoomify player allows to explore the image in an interactive manner by zooming and panning. Only the tiles which are needed at a given time are loaded via the network and displayed in the browser. This reduces the data transmission volume and by storing the image data redundant for every possible magnification in small tiles the system gains a better performance.
Moreover, the Zoomify player allows the web-based addition of annotations of the digitized specimens by the author.
Results
Within the existing e-learning environment "Medical Schoolbook Cell Biology" a virtual microscope was integrated. Thus users are now able to observe microsopic slides in a fashion similar (although not identical) to working with a genuine microsope. Virtual slides can be investigated interactively and independent of the accessibility of the real slides and a microscope. Students are enabled to single-handedly observe microscopic structures from low to high magnification. Furthermore, within the "Medical Schoolbook Cell Biology" the virtual microscope is not a stand-alone feature but is associated with text, videos and images.
The integration in the web-based e-learning module Medical Schoolbook facilitates the use of the virtual microsope independent of the user's or author's preferred platform, i.e. Windows, Mac OS, Linux and even mobile operating systems.
In addition, by using the Medical Schoolbook, we provide an efficient workflow for authors: Gigapixel images can simply be uploaded into the Medical Schoolbook where they can be linked with complementary information.
Discussion and Conclusion
Due to the fact that a gigapixel image offers highly detailed information, it is suitable for panoramic as well as for microscopic images. To date gigapixel images have been proven useful in a number of scientific fields. From martian vistas to cell biology microscopy, gigapixel images have the potential of an exciting interactive experience [6] .
Screenshot taken from the Medical Schoolbook Cell Biology. Still images explain a topic (cell types in human blood)… "When viewers zoom in on an area of an image, they seem to fly into the image itself. The result is an immersive, interactive experience that can reveal surprising details -an ant on a leaf in a forest, or a hummingbird sipping nectar from a flower in a backyard. It's like viewing nature through a huge magnifying glass." [6] Unfortunately current hardware is often overstrained in handling the size of gigapixel images and a lot of efforts have been made to solve problems concerning capturing, processing and displaying image data.
To our minds, the present approach shows possible solutions for these problems and an easy way to create and publish gigapixel images in an e-learning environment.
Following Paulsen et al. [1] we regard a high potential in using gigapixel technology in learning and teaching settings: 1) A number of learning settings, especially in medical education could benefit from the application of gigapixel images in web based e-learning environments since students can learn in small groups or alone at any desired place and time. 2) Teachers can use gigapixel images in lectures and courses. 3) Rare microscopic specimens can be made available for a large number of students (even without the fear of loss or damage). 5) Using gigapixel technology facilitates discovery learning: Students explore the structures of the microscopic specimens for themselves. 6) Digital images can be supplemented by a great variety of additional learning material. 7) The web-based approach provides a platform independent solution and the liberty to use different gigapixel viewers remains.
Taken together, we think that gigapixel images in existing e-learning environments represents a feasible tool to support classical teaching in medical education when microscopic observation is concerned.
…followed by a gigapixel image of a blood smear… …that can be explored with the virtual microscope.
